INTRODUCTION
The economic feasibility of the biotechnological application of enzymes is dependent on both efficient enzyme production and recovery process. That is why the development of techniques and methods for the downstream processing of enzymes has been an important prerequisite for many of the advances made in biotechnology, with special relevance to the preservation of the native structure and function of these fragile biological materials.
Partitioning in aqueous two-phase system (ATPS) is recognized as potential and powerful primary separation and purification step in the overall enzyme/protein recovery train. ATPS, formed by mixing two, mutually incompatible polymers, or one polymer and an inorganic salt, possess several advantages in comparison to other separation and purification procedures -biocompatibility, due to high water content in the phases, low process time and energy consumption, and relative reliability in the scale-up (1) . Sepa-ration in such systems can be accomplished without sophisticated equipment (2) and also allows process integration (3) . The basis of separation in ATPS is the selective distribution of substances between two phases, governed by a number of parameters relating to the properties of the phase system and the substance, and the interaction between them (2).
Proteases, one of the most important industrial enzymes, have attracted considerable attention during the last several years. The large variety of biotechnological applications of acid proteases especially in food processing (meat tenderization, the biscuit and cracker industries, manufacture of soy products, dairy industry, mainly for cheese ripening) (4, 5, 6 ) and pharmaceutical industry (5, 6 ) is the main reason for investigating their production by fungi and bacteria, followed by the reports on enzyme purification and characterization (7) (8) (9) (10) . Fungal proteases can be produced using solid state or submerged cultivation systems, the former of them gained renewed interest lately because of a number of economic and engineering advantages (11) (12) (13) (14) .
Fungus Penicillium roqueforti has been examined in our laboratory for its ability for a simultaneous production of different enzymes and pumpkin oil cake value addition, during submerged and solid state fermentation (14) .
The aim of this work was to find appropriate conditions concerning polymer molecular mass and concentrations of PEG and NaH 2 PO 4 in the polyethylene glycol/phosphate aqueous two-phase system for the efficient separation and partial purifycation of acid protease from crude enzyme obtained by submerged cultivation of Penicillium roqueforti. We also tried to optimize separation factor using completely randomized factorial design (CRFD).
EXPERIMENTAL
Microorganisms and maintenance of culture Penicillium roqueforti was grown and maintained on potato dextrose agar (PDA) slants. Spore suspension of 10 8 spores ml -1 in 0.1% (v/v) Tween 80, produced from oneweek-old fully sporulated slant, was used for inoculation.
Substrates
Pumpkin oil cake (PuOC) used as substrate was from the variety Olinka, obtained from the local oil factory "Pan Union", Novi Sad, Serbia.
Submerged cultivation
Submerged cultivation was carried out by taking 50 ml of the production medium containing 0.2% (w/v) KH 2 PO 4 , 0.1% (w/v) MgSO 4 and 0.1% (w/v) NaCl in 300 ml Erlenmeyer flasks. This was supplemented with PuOC at 2% (w/v) concentration. Initial acidity of the medium was adjusted to pH 4.5 using 0.1M HCl. All the flasks were autoclaved at 121.5˚C for 20 min and after cooling were inoculated with 1 ml of spore suspension and incubated on a rotary shaker at 180 rpm at 26˚C for the desired time.
After three days from the cultivation, samples were collected from the shaker for the analysis. Samples were filtered through pre-weighed filter papers (Whatman No. 1) and the filtrate (crude enzyme) was used to measure pH, proteins, and protease activity.
Preparation of ATPS
PEG 4000 was purchased from Merck, Germany. The salt, NaH 2 PO 4 , used in systems preparation were of analytical grade. Aqueous two-phase systems were prepared at room temperature by mixing required amounts of PEG (15, 17.5 and 20% (w/w)), NaH 2 PO 4 (15, 20 and 25% (w/w)) , and 6 ml of crude enzyme in 25-ml graduated tubes. Distilled water was added to obtain 20 g of the final weight. After vortexing for 5 min, the systems were left 24 h until phase separation was achieved. The upper phase was carefully removed with a pipette, leaving a small amount of the interface. After removing the interface, the lower phase was collected. Samples of each phase were analyzed for enzyme activity and concentration of proteins. To minimize interferences of PEG and phosphate, the blanks for each system were prepared adding 0.6 ml distilled water instead of enzyme.
Assay
Protease activity was determined with hemoglobin (Sigma-Aldrich Chemie GmbH, Germany) as substrate. Hemoglobin (40 g/l, 0.5 ml) in 0.2 M glycin/HCl buffer, pH 3.0 was incubated at 35˚C with a 0.5 ml sample adequately diluted with the same buffer (15) . After incubation for 20 min, the reaction was stopped using trichloroacetic acid and the absorbance was measured at 280 (A 280 ) against the blank. One unit of enzyme activity was defined as the amount required to increases A 280 by 0.01 during 1 h.
Protein content was determined by the method of Bradford (16), with bovine serum albumin as a standard.
Determination of partition coefficient and yield
The partition coefficient for acid protease activity in the aqueous two-phase systems was defined as where V t and V b are the volumes of the top and bottom phase, respectively. Separation factor, S, was defined as the ratio between the partition coefficient of the target enzyme (Ke) and the total protein (Kp):
Experimental design The influence of PEG molecular mass (mol. mass), PEG concentration (%, w/w) and NaH 2 PO 4 concentration (%, w/w) was evaluated to a 2 3 completely randomized factorial design with two repetitions at the central points ( Table 1) . The "Statistica" (version 8.0) software was used for regression and graphical analyses of the data obtained.
Different factors and the levels at which they were employed are presented in Tab. 1. The quadratic model for predicting the optimum is expressed by the following equation:
Y=b0+b1*x1+b2*x2+b3*x3+b4*x1 2 +b5*x2 2 + + b6*x3 2 +b7*x1*x2+b8*x1*x3+b9*x2*x3 [4] where Y is the response variable, b is the regression coefficient, and x is the coded level of the independent variable.
RESULTS AND DISCUSSION
Since the aim of successful extraction by ATPS is to find out a suitable phase system where selective separation is achieved, the selection of molecular mass of polymer is usually the first step in the partitioning experiments.
To achieve efficient separation of the acid protease activity from crude enzyme, the first partition studies were conducted in phase the systems with different molecular masses of polyethylene glycol ( Table 2 ). The phase volume ratio in systems after equilibrium slightly varied from 0.61 to 0.55, along with increase in the polymer molecular mass from 1500 to 6000, respectively (data not shown), so the differences in partition parameters can be attributed to the effect of the size of PEG molecule.
The highest partition coefficient, (2.092), was obtained in the system with PEG 4000, followed by the highest yield in the top phase, about 54.82%. Increase in the polymer molecular weight to 6000 affected the partition behavior of acid protease negatively, which resulted in a decrease in the partition coefficient and top phase yield. According to the above results, polyethylene glycol 4000 was selected to perform further investigation of the effect of PEG concentration on the partitioning parameters of acid protease activity (Table 3) . In the aqueous two-phase systems, containing 20% NaH 2 PO 4 and different % (w/w) of PEG 4000, increasing in PEG concentration decreased the partition coefficient. The most favorable conditions for selective distribution of acid protease in the top phase were attained in the system containing 15% PEG 4000 and 20% NaH 2 PO 4 , where Ke and Yt were 2.092 and 54.821, respectively.
Finally, the effect of the concentration of the phase forming salt in the system with 15% PEG 4000 and NaH 2 PO 4 was investigated. Results shown in Table 4 indicate that the NaH 2 PO 4 concentration over 20% provides the best experimental conditions for acid protease partitioning in PEG/ NaH 2 PO 4 ATPS. These results suggested the possible application of ATPS in partitioning of acid protease from crude enzyme. The next step was to optimize conditions for enzyme purification, which is proportional to the separation factor. Practically, the optimization of separation factor was done using CRFD.
The application of CRFD yields the regression equation (4), which explains experimental data representing an empirical relationship between the selectivity factor and the tested variables (in coded units):
The significance of each coefficient was determined using the Student t test and p value (Table 5 ). The variable with the largest effect was the linear term of PEG concentration (x2), followed by the quadratic terms of PEG molecular mass (x1 2 ) and PEG con- 2 ). The interaction term between PEG molecular mass and NaH 2 PO 4 concentration did not have significant influence on the response (p > 0,1), which means that this interaction did not significantly influence the response variable. Considering these results, among the independent variables PEG molecular mass played a dominant role in the selectivity factor of acid protease partition and purification.
The model showed good fit with the experimental data, since the coefficient of determination R 2 had a value of 0,769. This means that the fitted model could explain 76.92% of the total variability within the range of values studied. The analysis of variance (Table  5) showed high F-value at 78.00 and p-value much less than 0,01 which implies that the model itself is reliable. Parity plot (Fig. 1) shows that predicted values are in agreement with the observed ones. All these results imply satisfactory representation of the partition and purification process by the fitted model. The three-dimensional response surface graphs were drawn to illustrate the main and interactive effects of the independent variables on the selectivity factor. The response surface, whose regression coefficients are given in Table 5 , is shown in Figure 2 .
There is a linear positive effect of the PEG concentration, while the concentration of NaH 2 PO 4 had almost none effect on the selectivity factor S. (Fig. 2.1) . Fig. 2.2 shows the quadratic effect of the PEG molecular mass and linear effect of phosphate concentration on the selectivity factor S. Fig. 2.3 illustrates the quadratic effect for both variables on the selectivity factor S; negative for PEG concentration and positive for PEG molecular mass. Response surface graph for the selectivity factor S as a PEG molecular mass and PEG concentration (NaH 2 PO 4 concentration at the optimal of its level)
The precise coordinates of optimum levels for three independent variables were obtained by analytical procedure. The stationary point (maximum point) of the fitted model was found by computing the first derivative of the function and setting zero. The partial derivatives of regression equation (5) set to zero form three equations: -1.621786+0.46013x3=0 2.007214+2.565264x2=0
[6] 0.46013x1=0.
The system of Eq. (6) was solved and the following results were obtained: x1=4000, x2=15.54% and x3 =20%; where x1, x2 and x3 are values of the independent parameters which provide the maximum value of the response (3.553). Maximum value for S, calculated using CRFD, is similar to the ones obtained by the experiments (3.084).
CONCLUSION
From the results obtained in this study, it can be concluded that the partitioning of acid protease in aqueous two-phase system composed of polyethylene glycol and sodium phosphate indicate the applicability of ATPS for partial enzyme recovery from the top phase. Furthermore, when the completely randomized factorial design was used to optimize of separation factor the obtained results were similar to the experimentally ones, indicating the possible application of factorial design onto ATPS partition and purifycation.
